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© Polynucleotide hybridization assays employing catalyzed luminescence. 

© The present invention relates to a method for detecting a 
polynucleotide anaiyte in a sample which comprises: 

(a) contacting the sample, under hybridization conditions, with 
a first and a second polynucleotide probe, the first probe 
having a catalyst attached thereto and the second probe 
having an apoluminescer attached thereto, both probes being 
substantially complementary to substantially mutually exclu- 
sive single-stranded regions of the anaiyte, such that upon 
hybridization of both probes with the anaiyte, the catalyst and 
the apoluminescer are located close enough to each other to 
permit the catalyst to release from a substrate a transforma- 
tion radical that subsequently transforms the apoluminescer to 
a luminescer; 

(b) adding the substrate for the catalyst, the substrate being 
capable of conversion to a transformation radical by the 
catalyst and the said radical being capable of converting the 
apoluminescer to a luminescer; 

N (c) irradiating the sample with incident light within the absorp- 
^tion spectrum of the luminescer, and 

^ (d) measuring the light emitted by the luminescer. 

w 

Lf) Such a polynucleotide hybridization assay is particularly 
00 useful for detecting a polynucleotide anaiyte in a complex 
^ physiological sample. 
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"Polynucleotide hybridization assays employing catalyzed luminescence" 



This invention relates to polynucleotide hybridization 
assays wherein a catalyst-labeled first polynucleotide probe 
and an apduminescer-labeled second polynucleotide probe 
are both hybridized with a complementary target poly- 
nucleotide analyte in, for example, a physiological sample, 
A substrate is added to the sample and is converted by the 
catalyst to a transformation radical which in turn converts 
the apoluminescer to a luminescer. The sample is irradiated, 
and the incident light absorbed by the luminescer is reem it- 
ted at a different wavelength. Such secondary emissions 
can occur only if hybridization has taken place and hence, 
the presence of the target polynucleotide is related to the 
amount of secondary light emitted. 

BACKGROUND OF THE INVENTION 

Polynucleotide hybridization assays are used as re- 
search tools for the detection and identification of unique or 
specific polynucleotide sequences in samples of complete, 
fragmented, or mixed nucleic acid Various hybridization 
diagnostic techniques have been developed. 

Southern, J. Mot Biol.. 9&503 (1975), discloses a 
polynucleotide hybridization technique employing radiolabel- 
ed nucleic acid probes. This procedure permits autoradiog- 
raphic detection of prooe/anaiyte hybrids and identification 
of the polynucleotide sequence of the analyta However, the 
Southern procedure, as well as the other diagnostic proce- 
dures employing radiolabeled nucleic acid probes, are very 
complex, time consuming, and have the additional problems 
and expenses generally associated with radioactive materi- 
als such as personnel monitoring and disposal. Thus, such 
assays have remained a tool of basic research and are not 
generally employed in applied or commercial areas such as 
clinical diagnosis. 

Ward et al.. European Patent Application No. 
82301804.9, published June 4, 1982, discloses composi- 
tions useful as probes in biomedical research and recom- 
binant DNA technology, wherein said probes comprise 
purine, 7-deazapurine or pyrimidrne convatently coupled to 
a moiety capable of forming a detectable complex with a 
polypeptide, said moiety being coupled to purine bases at 
the 8-position, to deazapurine bases at the 7 -position, or to 
pyrimidine bases at the 5-position to form a modified 
nucleotide. The resulting modified nucleotides are incor- 
porated into DNA by nick-translation techniques. 

Ranki, European Patent Application No. 82306489.5, 
published May 18, 1983, discloses a technique for the 
sandwich hybridization of nucleic acids, said technique com- 
prising contacting single-stranded nucleic acid from a mi- 
croorganism with a pair of different nucleic acid reagents, 
both reagents of the pair being single-stranded and com- 
plementary with the microorganism-derived nucleic acid and 
one of the pair being a nucleic acid fragment attached to a 
solid carrier, such as a nitrocellulose filter, while the other is 
a nucleic acid fragment labeled with a radioactive marker, 
whereby a labeled hybrid is formed attached to the solid 
carrier, for the identification of a microorganism or group of 
microorganisms present in a sample. The correctness of the 
identification is tested by detection of the extent of formation 
of a labeled hybrid attached to the solid carrier. 

Tchen et al., PCT Application No. PCT/FR82/00220. 
published July 7, 1983, disclose nucleic acid probe com- 
positions which have been chemically modified by the cova- 
lent attachment of at least one N-2-acetylaminofluorene 



group to one of the bases of the nucleic acid. After hy- 
bridization with the target homologous nucleic acid se- 
quence, such hybridization may be detected by the use of 
enzyme-labeted antibodies. 

5 KourHsfcy et al, PCT Application No. 

PCT/FR82AX>223. published Jury 7, 1983, disclose DNA 
molecules modified by covaient attachment of an oligomer 
of modified ribonucleotides, or a single modified 
ribonucleotide, which provides a means for coupling a 

70 chemical capable of recognition by another molecule or 
product 

Co-pending and commonly assigned U.S. Application 
Serial No. 574,630, discloses polynucleotide probe com- 
positions which contain a polypeptide moiety capable of 

is enzymaticafly activating a zymogen to initiate a detectable 
enzymatic reaction cascade. 

Falkow et at, U.S. Patent 4,358,535 issued November 
9, 1982, disclose a method for detecting the presence of a 
pathogen in a clinical sample by depositing and fixing said 

20 sample on an inert support and hybridizing the genetic 
material of the target pathogen to a labeled- nucteic acid 
probe. The label may be a radioisotope, a iigand, a 
fluorescer, a chemiluminescer, an enzyme, or an antibody. 
Kourilsky et al., U.K. Patent Application No. 7913031, 

25 published October 31. 1979, disclose a method for detect- 
ing the possible presence of a DNA fragment in a sample 
comprising the hybridization of the sought fragment with an 
RNA probe which is coupled to an enzyme either prior to or 
subsequent to the hybridization reaction. The possible pres- 

30 ence of the target nucleic acid sequence is reveaJebte by 
the action of the enzyme-labeled hyrxidization product on a 
chromogen substrate. 

Heller et al., European Patent Appfication No, 
82303701.5, published January 26, 1983, disclose a het- 

35 erogeneous hybridization diagnostic method which uses 
lurninescer-iabeted, single-stranded polynucleotide reagents 
for hybridizing with immobilized sample single-stranded poly- 
nucleotides. After separation of the un hybridized reagent, 
the sample is exposed to lighlAny subsequent light emis- 

40 sion is related to the amount of target porynudeotide in ttie 
sample. The label may be any of the well known lumines- 
cent systema 

Hetter et al., European Patent Application No. 
82303699.1. published July 14, 1982, disclose a homo- 
45 geneous light-emitting hybridization assay wherein 
luminescer- labeled first and second single-stranded reagent 
segments are hybridized with a complementary target 
single-stranded polynucleotide from a physiological sample 
such that nonradioactive energy transfer occurs between 
so the labels of the two reagent segments. At least one of the 
labels is of the absorber/emitter type such that energy in the 
form of a photon absorbed from the other light label is 
re-emitted as a different wavelength. Such secondary emis- 
sions can only occur if hybridization has taken place/This 
55 system, however, suffers the disadvantage of requiring two 
luminescer-tebeled probes of absorber/emitter character dis- 
tinct enough to be able to differentiate one from the other 
by photometric means. Such differentiation may be difficult 
in complex physiological samples. 
60 The enzyme catalyzed conversion of apoluminescer to 

luminescer is known. Brandt et al., Anal Biochem.. & 6 to 
9 (1965); and Keston et al. Anal. Biochem.. U. 1 to 5 
(1965); disclose the conversion of the nonfluorescent 
apofiuorophore diacetyl 2\7 , -dichlorofluorescen to a fluoros- 
es cent compound by hydrogen peroxide and peroxidase for 
the fiuorometric analysis of ultramicro quantities of hydrogen 
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peroxide. Gurtbault et al. Anal. Chem.. 4fl (8). 1256 to 1263 
(1968); Brunvoll, Acta Chem. Scanfl.. 21 (3), 820 to 821 
(1967); and Guilbault et al., Anal. Chem. . 39 (2), 271 
(1967), disclose the conversion of the nonfluorescent 
apofiuorophores homovanillic acid, p-hydoxyphenyl-acetic 
acid, tyrosine or tyramine to a fluorescent compound by 
hydrogen peroxide and peroxidase for the fluorometric ana- 
lysis of uftramicro quantities of hydrogen peroxide* Cathcart 
Anal. Biochem.. 134, m to 116 (1983), discloses the 
conversion of nonfluorescent apofiuorophores to fluorescent 
compounds by hydrogen peroxide and hematin for the 
fluorometric detection of picomole levels of hydrogen perox- 
ide. The Cathcart reference also discloses that alternate 
peroxides could be employed in place of hydrogen peroxide 
as the substrate for peroxidase or hematin. None of the 
above references disclose or suggest the use of 
apofiuorophores as labels for polynucleotide probes. 

There is a need in the area of clinical diagnostics for a 
nonradiometric homogeneous assay which is fast simple to 
cany out highly specific and highly sensitive. The assay of 
the present invention fulfills this need 

According to one aspect of the present invention, we pro- 
vide a polynucleotide probe of the formula 

(Y,~Y„) 

wherein Y. through Y n are the same or different nucleotide 
moieties which collectively form a polynucleotide sequence 
substantially complementary to a single-stranded region of a 
target polynucleotide analyte; provided that at least one of 
nucleotide moieties Y, through Y n comprises a nucleotide 
having an apoluminescer attached thereto. 

According to a further aspect of the present invention, we 
provide a polynucleotide probe composition comprising two 
polynucleotide probes of the formulae 

(X,— X n ) and (Y t — - Y n ) 

wherein 



n is an integer generally within the range 2 to about 500; 

X, through X n , which are the same or different are 
nucleotide moieties which collectively form a polynucleotide 
sequence substantially complementary to a single-stranded 
region of a target polynucleotide analyte A; provided that at 
least one of nucleotide moieties X, through X n comprises a 
moiety Z where Z comprises a nucleotide having a catalyst 
attached thereto capable of generation, from a substrate, of 
a transformation radical which, in turn, is capable of trans- 
forming an apoluminescer into a luminescen and 

Y, through Y„ t which are the same or different are 
nucleotide moieties which collectively form a polynucleotide 
sequence substantially complementary to a single-stranded 
region of polynucleotide analyte A different from, but proxi- 
mate to. the region to which X, through X n is complemen- 
tary, provided that at least one of nucleotide moieties Y, 
through Y„comprises a moiety T where Z* comprises a 
nucleotide having an apoluminescer attached thereto ca- 
pable of being transformed into a luminescer by the trans- 
formation radical generated by the activity of the catalyst of 
(X,~X n ); 

further provided that (X,— X n ) and (Y,— Y n are selected 



such that upon hybridization with A, the catalyst of 
(X,— X n ) is sufficiently proximate the apoluminescer of ( 
Y,~Y n ) to effect the desired transformation of 
apoluminescer to luminescer upon introduction of the appro- 
5 priate substrate. 



The subject invention also relates to a method for 
w detecting the presence of a target polynucleotide analyte in 
a sample, especially a physiological sample, wherein the 
method comprises: 

(a) contacting the sample, under hybridization conditions, 
75 with a first and a second polynucleotide probe, the first 

probe having a catalyst attached thereto and the second 
probe having an apoluminescer attached thereto, both 
probes being substantially complementary to substantially 
mutually exclusive single-stranded regions of the analyte, 
20 such that upon hybridization of both probes with the analyte, 
the catalyst and the apoluminescer are located close 
enough to each other to permit the catalyst to release from 
a substrate a transformation radical that subsequently trans- 
forms the apoluminescer to a luminescer; 

25 

(b) adding the substrate for the catalyst the substrate being 
capable of conversion to a transformation radical by the 
catalyst and the said radical being capable of converting the 
apoluminescer to a luminescer, 

30 

(c) irradiating the sample with incident fight within the ab- 
sorption spectrum of the luminescen and 

(d) measuring the light emitted by the luminescer. 

35 

The subject invention also relates to a kit for detecting 
the presence of a target porynucieotide analyte in a sample, 
especially a physiological sample, which comprises: 

40 

(a) a first polynucleotide probe having a catalyst attached 
thereto and which is substantially complementary to a first 
single- stranded region of the analyte; 

45 (b) a second porynucieotide probe having an apoluminescer 
attached thereto and which is substantially complementary 
to a second single-stranded region of the analyte; the 
second region being substantially mutually exclusive from 
the first region, but close enough thereto such that upon 

50 hybridization of the first and second probes with the analyte. 
the catalyst and the apoluminescer are close enough to 
each other to permit the catalyst to release from a substrate 
a transformation radical that subsequently converts the 
apoluminescer to a luminescer; and preferably 

55 

(c) a substrate for the catalyst the substrate being capable 
of conversion to a transformation radical by the catalyst and 
the said radical being capable of converting the 
apoluminescer to a luminescer. 

60 



DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides polynucleotide probe 
compositions, diagnostic kits, and nonradiometric hybridiza- 
tion assays useful in the detection and identification of at 
least one target porynucieotide analyte in a physiological 
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sample. The sensitivity and specificity of the probes, kits, 
and assays of the present invention render them widely 
useful in clinical diagnosis and biological research. Exam- 
ples of uses for the probes, kits and assays of the present 
invention include characterization of genetic disorders, de- 
tection of particular viruses, microbes or other organisms, 
and identification of specific nucleotide base sequences. 

As used herein, the term "target polynucleotide an- 
alyte" refers to a segment of single-stranded polynucleotide 
having a nucleotide base sequence corresponding to a 
genetic element whose presence in a sample, e.g. a phys- 
iological sample is to be detected and/or identified. 

As used herein, the term " substantially complemen- 
tary" refers to sufficient nucleotide base sequence homol- 
ogy between a polynucleotide probe and its target analyte 
to permit formation of stable probe-analyte hybrids 

As used herein, the term •physiological sample" 
means a sample of blood, urine or other biological tissue, 
either unprocessed or processed, containing the DNA or 
RNA of interest 

As used herein, the term "substantially mutually exclu- 
sive" means that upon hybridization of the first and second 
probes with the target analyte, the two probes should not 
compete for the same nucleotide base sequence on the 
analyte to the extent that rrybndization is prevented. In one 
particular embodiment, spacing of the two DNA probes 
would have the 3'-terminal nucleotide of the first probe 
approximately ten bases away from the 5 '-terminal 
nucleotide of the second probe. This win space the termini 
such that they are on the same side of the helix and thus 
position the catalyst and apoluminscer groups in the most 
favorable position with respect to each other. 

As used herein, the term "hybridization conditions" 
means those conditions which wiB enable the first and 
second probes to form stable probe-analyte hybrids. The 
proper hybridization conditions wiB be deterrnined by the 
nature of the catalyst and apdurninescer employed, the 
length of the polynucleotide probes and the guanosine plus 
cytosine content of the probes and the target polynucleotide 
analyte. 

The term "fluorescent" generally refers to luminescent 
compounds having the characteristic of re-emitting absorbed 
incident energy in about 10" e to 10" 3 seconds, while the 
term "phosphorescent" refers to luminescent ccmpounds 
which take longer to re-emit absorbed incident energy. Also, 
depending upon the source of incident energy {Le. photons, 
charged particles, chemical phenomena etc.) luminescent 
compounds are referred to as chemiluminescent. 
bioluminescent, electroluminescent, phototuminescent, etc. 

The term "apoluminescer" refers to any noniumines- 
cent compound which, upon activation by a "transformation 
radical", converts to a luminescer. Likewise, the term 
"catalyst" as used herein refers to a molecular species (&g. 
an enzyme) or composition capable of releasing an appro- 
priate transformation radical from a substrate. 

For example, a hydroxy (OH") transformation radical 
can be produced by a number of well known catalysts (e.g., 
horseradish peroxidase, hematin, metal cations, especially 
EDTA-Fe III complexes, microceroxidase, and other redox 
enzymes) acting upon an appropriate substrate (e,g., molec- 
ular oxygen, hydrogen peroxide, MEOOH, EtOOH, 
j-butylhydroperoxide, linoleic hydroperoxide, cholesterol 
5-hydroperoxide and cumen hydroperoxide). The (OH") 
radical will then convert the apoluminescer to the cor- 
responding luminescer (e.g. activated diacetyldich- 
torofluorescin to dichtorofluorescin, homovanillic acid to 
2.2'-dihydraxy-3,3 , -dimethoxybipn^ acid, p. 

-hydroxypbenyl-acetic acid to 



2,2 , -dihydroxybipherryt-5,5 , -diacetic acid, tyrosine to 
2,2*-dihydroxybiphenyl-5,5 , -dialanine, tyramine to 
2,2'-dih^rooybiphemyl-5 I 5 , -diethylajrane, luminol to 
3-aminophthalic acid plus Bght, and p/hydraxyproprtonic acid 

5 to 2,2 , -dihyAoxybiphenyl-5,5'-dipropionic acid). 

These catalysts, substrates and apolumrnescers are 
readily available from many commercial sources. 

As used herein, "polynucleotide" refers to a polymer of 
ribonucleic acid (RNA) or deoxyribonucleic acid (DNA), 

w which can be single- or oVxible-stranded, optionally incor- 
porating or comprising synthetic non-natural, or aftered 
nucleotides capable of irxxxporation into DNA or RNA 
polymers. Probe polynucleotides, can be conveniently iso- 
lated in useful quantities by cloning and amplification of 

75 polynucleotide sequences complementary to target poly- 
nucleotides in piasmid or phage vectors, using techniques 
that are now conventional to those skilled in the art A 
useful reference covering most aspects of DNA manipula- 
tion is Maniatis et al.. Molecular Cloning. A Laboratory 

20 Manual . (CoW Spring Harbor Laboratory, 1982), the disclo- 
sure of which is incorporated herein by reference. 

An exemplary cloning vehicle for production of useful 
quantities of probe polynucleotides is piasmid pBR322 
(ATCC 37017), which is described in detafl by Rodriquez, 

25 et a, in Molecular Cloning of Recombinant DNA. (Scott, 
ed. Academic Press, New York, 1977, p. 73). This piasmid 
contains single Pstl. Bam l. EcoRI. Hind i II. and §ejl restric- 
tion endonuclease recognition sites, in addition to genes 
conferring resistance to the antibiotics tetracycline and am- 

30 pcHlin Piasmid pBR322 DNA can be amplified by growth of 
bacterial cetts containing this pJasmid in the presence of 
chloramphenicol (170 ug/ml) according to the method of 
Ctewell. J. Bacterid. H£:667 (1972); and purified by the 
cleared lysate procedure of Guerry et aL, J. BactenoL 

35 H£:1064 (1973), prior to digestion with an appropriate 
endonuctease. For example, digestion with £sj inactivates 
the ampictBm resistance marker and generates "sticky 
ends" suitable for ligation to a probe ooJynutieotide stmHarty 
cleaved with PsJ. The resulting recombinant piasmid can 

40 then be employed to transform a suitable host bacterium, 
e.g., E. coli K12 or HB101. Upon growth in the presence of 
chloramphenicol, high piasmid copy numbers can be at- 
tained and the recombinant piasmid DNA isolated and puri- 
fied as previously described. 

45 However, a particularly preferred vector for production 

of probe polynucleotides is a cdrphage, M13. (ATCC 
15669-B1) which, like pBR322, is now commercially avail- 
able (New England Nuclear torrjoration, Boston, Massa- 
chusetts, USA). DNA fragments obtained by ojgestion of 

50 phage DNA and DNA complementary to a target DNA of 
interest can be joined, amplified, and subsequently purified 
in single-stranded form.The use of M13 phage as a cloning 
vehicle has been described by Messing, Recombinant DNA 
Tech. Bull . 2:43, (1979). the disclosure of which is hereby 

55 incorporated by reference. 

Z and T of the present invention are nucleotide moiet- 
ies within (X,— X n ) and (Y, --^respectively. Of course, 
the catalyst and apoluminescer of Z and T need be close 
enough together (after hybridization of (X,— X n ) and ( 

60 X,— Y n ) with the target analyte) so that the transformation 
radical resulting from the activity of the catalyst can trans- 
form the apoluminescer to a luminescer.In this regard, the 
placement of Z and T on probes (X,— X n ) and (Y t — Y „) 
should resort, after hybridization, in Z and T being no more 

65 than about 100 base-pairs apart Preferably, Z and Z* are 
located at the 3* terminal position of (X,— X n ) and the 5* 
terminal position of (Y,— Y n ) respectively (or vice versa) so 
that upon hybridization of both probes with the target an- 
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ahyte, the labeled 3' terminal position of one of the probes 
will become continuous (lined up head to tail) with the 
labeled 5' terminal position of the other probe. Thus, if the 
catalyst-labeled probe is labeled at its 3* terminal position, 
the apoluminescer-labeled probe should be labeled at its 5* 
terminal position so that, after hybridization, the catalyst is 
within none or a few analyte nucleotide base pairing spaces 
of the apoluminescer. 



Z and T can be independent nucleotide units which 
are inserted by known techniques (e.g., nick-translation or 
direct synthetic routes) into the polynucleotide precursors of 
(X,— X n ) and (Y,— Y n ) respectively, or a nucleotide within 
5 either or both of the polynucleotide precursors of (X,— X n ) 
and (Y, — Y n ) may be modified to produce Z or Z' as 
appropriate. Z and T are nucleotide moieties of the formula 



FT.* 



wherein 
R 1 is BR 5 ; 
where 



B is a base residue; and 

R 5 is H or T, where T is a catalyst in the case of Z, and an 
apoluminescer in the case of T\ 

R 2 and R3 are H, OH, T, a phosphate group or groups, an 
adjacent nucleotide moiety, a phosphate group covalently 
linked to a moiety T or to an adjacent nucleotide moiety or 
a phosphate group covalently linked to a moiety T and an 
adjacent nucleotide moiety; and 

R 4 is H. OH, a phosphate group, or T. 



Thus for at least one of nucleotide moieties X, through X„, 
Ri is BR 5 and R5 is T (a catalyst), and for at least one of 
nucleotide moieties Y, through Y n , Ri is BR5 and R5 is T 
(an apoluminescer); or, alternatively. R2 R3 0 r R 4 com- 
prises a moiety T. 



Adjacent nucleotides are covalently linked by formation 
of 3'-5* phosphodiester bonds. Subscript n, indicating the 
number of nucleotides, modified or unmodified, is an integer 
generally within the range 2 to about 500. Preferably, n will 
have a value between 5 and 50. In general, probes com- 
prising synthetic oligonucleotides will consist of relatively 
few total nucleotides, while probes derived from nucleic acid 
digest products will have a greater number of total 
nucleotides. 

Base residue B can be any purine, modified purine, 
pyrimidine, or modified pyrimidine base capable of stable 
incorporation into a single-stranded polynucleotide without 
significantly affecting the capacity of the polynucleotide to 
form hybrids with target polynucleotides having substantial 
complementarity. However, a common feature of all base 
residues B useful in the present invention is a point or 
points suitable for attachment, preferably covatent, of a 



catalyst or an apoluminscer as the case may be. Thus, 

25 apart from the "classic" bases adenine, guanine, cytosine, 
uracil and thymine, other, toss common bases, e.g., 
5-methylcytosine, 5-hydroxymethyicytosine, orotic acid de- 
rivatives, methylated bases, e.g., 1 -methytguanine, etc., can 
optionally be incorporated into the probes of the present 

30 invention. 

Further, nucleotides Z and Z' can optionally comprise 
various substituents, which can be linked to either base or 
sugar portions, and which do not deleterious ly affect the 
capability of the resulting polynucleotide to form hybrids with 

35 complementary target polynucleotides. 

Polymer "tails" comprising a number of nucleotides 
appropriate for conjugation to catalyst or apoluminescer can 
be added to probe polynucleotides by use of caff-thymus 
terminal oeoxynudeotidyf transferase (ToT), which catalyzes 

40 the addition of deoxynucteotides to the 3'-hydroxyl ends of 
single- or double- stranded DNA, as disclosed by Rovchoud- 
hury et al., Nucleic Acids Res. £:101 (1976). 

The catalysts and apoluminescers can be coupled via 
a 5* phosphate or 3' hydroxy! linkage to one or more 

45 nucleotide moieties of (X,~X n ) or (Y, — Y„), or, in the 
alternative, directly or by an ester or other linking group to a 
2\ 3' or 5* carbon atom of one or more of such nucleotide 
moieties. 

Alternatively, the catalysts and apoluminescers can be 

50 coupled to nucleotide moieties through crosslinker or linking 
groups."Crosslinker" or "linking group" refers to a moiety 
derived from a bifunctxxiaJ molecule R'-L-R". wherein R* 
and R" are the same or different and represent such 
functional groups as -NH„ -CO,H, -CO,R, where R' 

55 and/or R" is for example. 2-hydroxypyridine, N- 
hydroxysuccinimide, -CO, Me, or other active esters, ac- 
ylimidazole. maleimide, trifluoroacetate. diketene, im- 
idoesters, sulfonate esters. imine. -CHO, 
1,2-cyctohexanedione, gtyoxai, sulfenyl halides, alpha halo 

60 ketones, azide, etc, and L is an alkylene or substituted 
alkylene group preferably of at least three carbon atoms. 
Alkylene chain L can be substituted with such common 
substituents as hatogen, (I, Br, CI, F), hydroxy, cyano, 
phenyl, amino, carboxy. alkyl, alkoxy and others. Further, 

65 the alkylene chain of linker L can be interrupted by one or 
more bivalent groups, e.g.. -0-, -S-. -NH-, -CH = CH-, 
-C H C-, phenyl. -SO,-, etc. However, functional group R' 
must be capable of forming, under appropriate conditions, a 
covatent bond with a nitrogen or carbon atom of base 
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residue B, a carbon atom on the sugar moiety (5'-c), or the 
OH of the 3'-c, and functional group FT must be capable of 
forming, under appropriate conditions, a covalent bond with 
a side chain or terminal amino, carboxyi, suHhydryi, or 
carbohydrate group of the caiaiyst or apolumtnescer.Thus, 
bifunctional molecule R'-L-R" is reacted by appropriate 
techniques wrth a base (or sugar) residue or modified base 
(or sugar) residue of a nucleotide forming a conjugate of 
base residue B (or sugar) and said nucleotide joined by an 
amide, ester, amine, imine, sulfonamide, thioester, phos- 
phate, or thbphosphate linking group L collectively forming 
moiety Z or 2' as the case may be. Cleariy, the choice of 
linking group R'-L-R" and a particular conjugation chemistry 
must reflect the need to preserve other macromotecular 
bonds critical to the integrity of the resulting probe molecule, 
i.e.. peptide, N-grycosidic, and phosphodiester bonds. 

Examples of brfunctionai molecules include N- 
succinimidy! 4-gIyoxalytbenzoate, carbonyl imidazole, 
dimethyl suberimidatB, 
i-ethyt,3-dirnetrrytaminoprop (EDAC), para- 

nitrophenyl 3-{2-broma3-ketobutylsulforM or oth- 

er active esters, glutaralderryde, substituted aikenes of the 
general formula NH,(CH,) n NH„ and other suitable 
equivalents. 

After riybridization, a substrate for the catalyst is ad- 
ded. The catalyst then acts upon the substrate and converts 
it to a transformation radical. It is important to remember 
that the substantially mutually exclusive regions of the target 
analyte to which the labeled probes have hybridized must 
be sufficiently close enough to permit the radical, generated 
by the catalyst's action on an appropriate substrate, to 
convert the apolummescer to a luminesces 

After hybridization has taken place, the sample must 
be exposed to a means for exciting the luminesces This 
can generally be accomplished by irradiating the sample 
with the appropriate fight wavelength. By "appropriate" is 
meant a wavelength within the absorption spectrum of the 
luminesces If the luminescer is present in the sample, it will 
absorb the tight energy and re-emit such energy as light of 
a different wavelength. The detection of this light response 
can be accomplished with numerous detection devices 
which are commercially available e.g., a spectroflucfirneter. 
Such secondary emissions of light energy can only occur if 
hybridization has taken place. Hence, the presence of the 
target nucleotide analyte is indicated by such secondary 
emissions, and the amount of target nucleotide analyte in 
the sample is related to the amount of secondary light 
emitted. 

The present invention provides kits for detecting the 
presence of at least one target polynucleotide analyte in a 
sample, particularly a prryswlogica! sample. By the term 
"kit" is meant a packaged combination of containers holding 
the necessary reagent elements for detecting the presence 
of at least one target analyte. 

Where more than one target analyte is sought, the kit 
must comprise a multiple of catalyst-labeled probes within 
which there is one catalyst-labeled probe that is substan- 
tially complimentary to a first single- stranded region of each 
target analyte. The catalyst label employed may be the 
same or different for each target analyte. The kit must also 
comprise a multiple of apofuminescer-labeled probes within 
which there is one labeled probe that is substantially com- 
plimentary to a second single-stranded region of each target 
analyte. the second region being substantially mutually ex- 
clusive from the first region. The apoiuminescer label used 



must be different for each target analyte. Finally, the kit 
must also comprise a substrate for the catalyst label(s), 
wherein the substrate is capable of conversion to a trans- 
formation radical by the cataiyst(s). 
5 The following Examples illustrate various aspects and 

embodiments of the subject invention. In the Examples, afl 
parts and percentages are by weight unless otherwise in- 
dicated. 

w EXAMPLES 



Preparation of DNA probes I and II 

J5 DNA probe I (DNA PI) is prepared by synthetic 

olicpniideotide synthesis as commonly performed. It is a 50 
base sequence corresponding to the M13 mp8 region des- 
ignated from residue 976 to residue 1025. The sequence is: 
5\-AGGTCGACGGATCCCGGGGAATTCGTAA TCATG- 

20 GTCATAGCTGTTTCCTG...3'. This sequence is present in 
the M13 mp8 genome but is absent from the wild type 
phage. 

DNA probe II (DNA DU) is also prepared by standard 
synthetic ofigonudeotide synthesis techniques. It is also a 

25 50 base oligomer which corresponds to residues 1036 to 
1084 of Ml3mp8DNA. The sequence is: 5\..GTTA 
TCCGCTCACAATTCCACACAACATACGAGCCGGAGC- 
ATAAAGTGTA...3*. This sequence is also absent from the 
wild type phage. The intervening sequence from the 

30 3'-terminal nucleotide of DNA PI to the 5' -terminal residue 
of DNA Pll is 10 nucleotides although it could be as few as 
1 or as many as 50. The 5' -phosphate form of these 
oligomers is prepared by standard synthetic or enzymatic 
procedures. 

35 

Preparation of rG tailed probe DNA 

This procedure follows the method of Roychoudwy. 
Jay and Wu (Nucleic Acids Research, 2:101-108 (1978)). 

40 100 ug of DNA PI (or DNA Pll) (2.4 x 10" 8 moJea 
3'-ends/ml) and 1.3 x 10" * moles/ml of guanosine 
S'-triphosphate (OTP) are incubated with 1 x 10* units /ml 
of terminal ctecocyribonucJeotide transferase in a volume of 
250 ul of 140 mM potassium cacodylate (pH 7.6) corrtsin- 

45 ing 20 mM tris-HCI. 0.1 mM drthiothreitol and 1 mM cobalt 
chloride for 4 hours at 37°C. The nucleic acid is isolated by 
filtration through a 1 x 15 cm Sephadex G-25 column 
etuted with distilled water. Analysis of the reaction by run- 
ning a comparison reaction with [3H]-labeted GTP indicates 

50 the number of guanosine ribonucleotide residues added 
This can be done in an analogous manner with DNA Pll. 

EXAMPLE I 

55 

HRP AS CATALYST. DADCAFI AS APOLUMINSCER. 
(OH* ) AS TRANSFORMATION RADICAL 



60 Conjugation of Horseradish Peroxidase to Ribonucleotide 
Tailed Porydeoxyribonijdeotides: 

100 pg of DNA PI-rG (or DNA PIl-rG) tailed DNA 
(606 nmotes 3'-ends/ml) is incubated in 0.1 mMole/ml sr> 
65 dium meta periodate (NalO,) for 30 minutes at 22 tt C. 
Horseradish peroxidase is added to a concentration of 60.6 
n moles/ml with the nucleic acid concentration now adjusted 
to 202 nmotes 3 '-ends/ml and the mixture incubated for 2 
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hours at 25 °C. Sodium borohydride (NaBH.) is now added 
to a final concentration of 0.375 pmoles/ml, with a final 
nucleic add concentration of 151 nmoles 3'-ends/ml, and 
the reaction is incubated for 3 hours at 4°C. The mixture is 
dialyzed against 10 mM KPO. (pH 7.4) containing 100 mM 
NaCl at 4°C. The resulting mixture is separated on a 0.7 x 
50 cm column containing Sephadex G-100 by elution 
against the same buffer. Product DMA PI-HRP conjugate is 
identified in fractions absorbing at 260 nrn, containing [3H] 
activity and peroxidase activity as confirmed by assay 
against diacetyl dichlorofluorescin. 

Preparation of 2\7'-dichtoro-5-amFnofluorescin diacetate 
(DADCAFI) 3'-end conjugates: 

Synthesis of the DADCAFI apofluorochrome precedes 
by the procedure of G. Steinbach (Acta Histochem. 49: 
19-34, 1974). 100 g of 4-nitrophthaJic acid and 100 g of 
4-chlororesoricinol are mixed and melted at 180°C for 4 
hours. After cooling the mixture is finely ground and sus- 
pended in 200 ml of boiling 0.6N HCI. The insoluble crude 
2\7'-dichtoro-5-nitrofluorescin is filtered in a buchner funnel, 
washed with 5X of boiling water and dried at 100° C. 100 g 
of the crude material is dissolved in 250 g of acetic anhy- 
dride and refluxed for 2 hours. Pure 
2\7'-dichloro-5-nitrofluorescin crystallizes by cooling to 
4°C. The compound is recovered by filtration in a buchner 
funnel and vacuum-drying at room temperature. 

Reduction of 2\7'-dichloro-5-nrtrofluorescin diacetate is 
performed as per the procedure of R. Brandt and A. Keston 
(Analytical Biochemistry 11: 6-9, 1965). Five grams 
(0.0094 moles) of 2\7'-dichloro-5-nitrofluorescin diacetate is 
dissolved in 195 ml of boiling ethanoJ to which 1.74 moles 
of glacial acetic acid is added. Five 2-gram portions of zinc 
dust is added and the mixture is stirred for 10 minutes. 
Another five grams of zinc dust is added and the mixture is 
stirred for 10 minutes more. The zinc is removed by filtra- 
tion and the resulting 2 , ,7 , -dichloro-5-aminofluorescin dia- 
cetate (DADCAFI) recovered by precipitation from chlo- 
roform followed by vacuum filtration and drying. Verification 
of the compound structure is made by NMR, IR, and MS 
analysis. 

100 pg (606 nmoles 3'-ends/ml) of DNA probe l-rG (or 
DNA P!f-rG) is incubated in 0.1 mmole/ml of sodium meta 
periodate for 30 minutes at 22 °C. Sodium bicarbonate- 
carbonate buffer (pH 9.5) is added to a concentration of 0.1 
mmole/ml. DADCAFI is added to a concentration of 20.2 
umoles/ml (with the concentration of DNA now at 202 
nmoles 3*-ends/ml). Sodium borohydride is added to a 
concentration of 375 Mmole/ml, with a final DNA concentra- 
tion of 151 nmoles 3'-ends/ml. The mixture is incubated at 
4°C for 3 hours. The resulting mixture is purified by filtration 
on Sephadex G-100 column chromatography, eluting with 
10 mM KPCX (pH 7.4) containing 100 mM NACL Verifica- 
tion of the conjugation is made by 260 nm analysis, and 
assaying for fluorescence by first activating the apofluoroch- 
rome by treatment in 0.01 N NaOH, neutralizing and adding 
HRP and H,0, and watching for the development of 
fluorescence emission at 520 nm. 

Preparation of HRP S'-P-DNA Probe: 

100M9 Of 5'-P-DNA PI (or II) (2.4 x 10" 8 mote 
3'-ends/ml) is incubated with 1 x 10" 4 mole/ml of ED AC in 
i x 10" s mole/ml morpholine sulfonic acid (MES), pH 5.0, 
for 1 hour. HRP is added to a final concentration of 3 x 
10" 7 mole/ml in a final concentration of sodium bicarbonate- 
carbonate buffer (pH 9.5) of 1 x 10" 4 mole/ml, with a final 



DNA concentration of 3 x 10"* 3'-ends/mL The mixture is 
allowed to incubate for 12 hours at 22 °C. Purification is 
accomplished by chromatography on a 2 x 50 cm 
Sephadex G-100 column eluted with 10 mM KPO«. (pH 
5 7.4), containing 100 mM NaCl. 

Preparation of DADCAFI S'-P-DNA Probe: 

100 pg of S'-P-DNA PI (or II) (£4 x 10" b mole 
w 3'-ends/ml) is incubated with 1 x 10' 4 mole/ml of EDAC in 
1 x 10-s mole/ml MES buffer, (pH 5.0) for 1 hour DAD- 
CAFI is added to a final concentration of 3 x 10~ 7 mole/ml 
in a final concentration of sodium bicarbonate-carbonate 
buffer (pH 9.5) of 1 x 10" 4 mole/mL with a ftnai DNA 
75 concentration of 3 x 10*9 mole 3 '-ends/ml. The mixture is 
allowed to incubate for 12 hours at 22°C. Purification is 
accomplished by chromatography on a 2 x 50 cm 
Sephadex G-100 column eluted with 10 mM KPO„ (pH 
7.4), containing 100 mM NaCl. 

20 

Detection of M13 mp8 DNA: 

Activation of DADCAFI conjugated Probe I or II DNA 
is accomplished by incubating the probe in 0.01 N NaOH 

25 for 30 minutes at 22°C. The pH is then neutralized by 
dilution into 10 mM KPO. (pH 7.0). 

54 pg of DNA Probe 1-rG-HRP and 54 ug of DNA 
probe-5'-P-DADCAFI are incubated with M13 mp8 DNA 
(0.1 pg to 1.0 pg) in 100 pi of 10mM KP0 4 (pH 7.0) 

30 containing 100 mM NaCl at 22 9 C for 1 hour. H,0, is 
added to a concentration of 1 x 10" * M by adding 2 pi of 
5.1 x 10"6 m H,0,. The samples are vortexed and 
allowed to incubate for one hour at 22°C. Presence of M13 
mp8 DNA is verified by exciting the samples in a micro- 

35 cuvettB at 500 nm and observing the resulting 520 nm 
emission. 

Similarly, a system could be utilized whereby DNA 
probe I is rG -DADCAFI and DNA probe II is 5'P-HRP. 

40 EXAMPLE II 



HRP AS CATALYST, TYRAMINE AS APOLUMINSCER 
(OH' ) AS TRANSFORMATION RADICAL 

45 

Preparation of Tyramine conjugated to probe DNA-rG: 

100 pg (606 nmoie 3'-ends/ml) of DNA probe l-rG (or 
50 DNA PH-rG) is incubated in 0.1 nmole/ml of sodium meta 
periodate for 30 minutes at 22°C. Sodium bicarbonate- 
carbonate buffer (pH 9.5) is added to a concentration of 0.1 
mmole/ml. Tyramine is added to a concentration of 20.2 
umol/mt (with the concentration of DNA now at 202 nmol 
55 3 '-ends/mi). Sodium borohydride is added to a concentra- 
tion of 375 pmoles/ml, with a final DNA concentration of 
151 nmole 3'-ends/mI. The mixture is incubated at 4*C for 
3 hours and purified by Sephadex G-100 column 
chromatography, eluting with 10 mM KPO, (pH 7 4) con- 
60 taining 100 mM NaCl. 

Preparation of Tyramine coupled to 5'-P-Probe DNA: 

100 ug of S'-P-DNA PI (or II) (2.4 x 10" s moles 
65 3'-ends/ml) is incubated with 1 x 10" 4 moles/ml of 
i-ethyl-(3,3'-dimethylaminopiopyl)carbodiimide (EDAC) in 1 
x 10-s moles/ml MES Buffer, pH 5.0 for 1 hour. Tyramine 
is added to a final concentration of 3 x 10' * moles/ml in a 
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final concentration of sodium bicarboriate-carbonale buffer 
(pH 9.5) of 1 x 10" 4 motes/ml, with a final DNA concentra- 
tion of 3 x 10" 9 moles 3'-ends/mJ. The reaction is incubated 
for 12 hours at 22 °C. Purification is accomplished by 
chromatography on a 2 x 50 cm Sephadex G-100 column 
eluted with 10 mM KPO, (pH 7.4) containing 100 mM 
NaCI. 

Detection of M13 mp8 DNA: 

54 ug of DNA probe l-rG-HRP and 54 ug of DNA 
probe l-S'-P-tyramine are incubated with Ml 3 mp8 DNA 
(0.1 ug to 1.0 pg) in 100 ul of 10 mM KPO. (pH 7.0) 
containing 100 mM NaCI at 22 °C for one hour. H,0, is 
added to a concentration of 1 x 10" 7 M by adding 2 pi of 
5.1 x 10" 6 M H,0, and tyramine is added to a con- 
centration of 3.3 x 10" 8 M. The samples are vortexed and 
incubated for one hour at 22°C. The presence of M13 mp8 
DNA is verified by exciting the samples in a microcuvette at 
500 nm and monitoring the emission at 520 nrru 

EXAMPLE III 



HRP AS CATALYST. LUMINOL AS APOLUMINSCER, 
(OH" ) AS TRANSFORMATION RADICAL 



Preparation of LuminoJ conjugated to Probe DNA-rG: 

100 ug (60S nmol 3*-ends/ml) of DNA probe l-rG (or 
DNA PII-rG) is incubated in 0.1 nmote/ml of sodium meta 
periodate for 30 minutes at 22 °C. Sodium bicarbonate- 
carbonate buffer (pH 9.5) is added to a concentration of 0.1 
mmote/ml. Luminol is added to a corK^entration of 20.2 
pmol/ml (with the concentration of DNA now at 202 nmole 
3*-ends/ml). Sodium borobydride is added to a concentra- 
tion of 375 umole/ml), with a final DNA concentration of 
151 nmole 3'-ends/mi. The mixture is incubated at 4°C for 
3 hours and purified by Sephadex G-100 column 
chromatography, eluting with 10 mM KPO, (pH 7.4) con- 
taining 100 mM NaCL 

Preparation of Luminol coupled to 5'-P-Probe DNA: 

100 ug of 5*-P-DNA PI (or II) (2.4 x 10"8 mole 
3'-ends/ml) is incubated with 1 x 10" 4 mole/ml of 
i-ethyl-(3,3'-dimetf^^inoprccyl)cart)c^ (EDAC) in 1 
x 10" s mole/ml MES buffer, pH 5.0 for 1 hour. Luminol is 
added to a final concentration of 3 x 10" 7 mole/ml in a final 
concentration of sodium focarbonate-rarbonate buffer (pH 
9.5) of 1 x 10" 4 mole/mi, with a final DNA concentration of 
3 x 10*9 mole 3*-ends/mI. The reaction is incubated for 12 
hours at 22°C. Purification is accomplished by chromatog- 
raphy on a 2 x 50 cm Sephadex G-100 column eluted with 
10 mM KPO, (pH 7.4) containing 100 mM NaCI. 

Detection of M13 mp8 DNA is carried out in the same 
manner as in the previous examples except that hybridiza- 
tion is detected by monitoring for light emitted at 430 nm. 

EXAMPLE IV 



Fe-EDTA AS CATALYST, DADCAFI AS APOLUMIN- 
SCER, (OH") AS TRANSFORMATION RADICAL 



Preparation of Fe-EDTA-DNA Probe: 

Triethyf ethyienediaminetetraacetate is prepared by the 
procedure of R. W. Hay and K. B. Nolan (J. Chem. Soo, 

5 Daiton Trans, pp. 1348-1351 (1975)). The mon- 
oaminopropyl derivative is prepared by the procedure of R. 
Hertzberg and P. Dervan (Biochemistry 23:3934-3945, 
1984). 100 mg of triethyi ethylenedia/ninetetnaacetate (0-27 
mmol) is combined with 48 mg (0.29 mmol) of cartxxryl- 

10 diimida2ote in 2.5 ml of dry almetrrytformamtde at 22 °C tor 
30 minutes. 2.6 ml of 1 ,3-diarninopropane (31 mmol) is 
added and the solution allowed to stir at 22°C for 24 hours. 
The product is purified and the triester blocking groups 
removed by standard procedures. 

75 

Preparation of 5'-P-Fe-EDTA: 

100 ug of S'-P-DNA probe (2.4 x 10" 8 mole S'ends/mf) 
is incubated with 1 x 10" 4 md/ml of EDAC in 1 x 10* 5 

20 mot/ml of morpholine sulfonic acid for 1 hour. 2.5 mg of 
EDTA- propylamine is added to give a concentration of 2.4 
x 10" 6 moi/ml in a concentration of sodium bicarbonate- 
carbonate buffer (pH 9.5) of 1 x 10" 4 mot/ml, with a final 
DNA concentration of 3 x 10" 9 mol 3 '-ends/mi). The mix- 

25 turn is allowed to incubate for 12 hours at 22°C. Purifica- 
tion is accomplished by chromatography on a 2 x 50 cm 
G-100 column eluted with 10 mM KPO, (pH 7.4) containing 
100 mM NaCI. 

Detection of M13 mp8 DNA is carried out as above 

30 utilizing any appropriate probe combination, for example, 
DNA probe l-rG-EDTA-Fe DNA probe II- 

5'-P- « DADCAFI; or DNA probe 1-rG = DADCAFI : DNA 
Probe ll-EDTA-Fe. 

35 Claims 



1. A polynucleotide probe of the formula 

40 (Y,-Y„) 

wherein Y, through Y n are the same or different nucleotide 
moieties which collectively form a polynucleotide sequence 
substantially complementary to a single-stranded region of a 
45 target polynucleotide analyte; provided that at least one of 
nucleotide moieties Y, through Y n comprises a nucleotide 
having an apoluminescer attached thereto. 

2. A polynucleotide probe as claimed in claim 1 wherein the 
50 apoluminescer is a molecular species which when reacted 

with an (OH" ) radical is converted to a luminescer. 

3. A polynucleotide probe as claimed in claim 2 wherein the 
apolumtnescer is selected from activated diacetylolch- 

55 lorofluorescin, homovanillic acid, p^rryoToxypherryiacJetic 
acid, tyrosine, tyramine. luminol and p^hydraxyproprionic 
acid. 

4. A polynucleotide probe composition comprising two poiy- 
60 nucleotide probes of the formulas 

(X.-Xn) and (Y ,-Y n ) 

wherein 

65 

X, through X n> which are the same or different are 
nucleotide moieties which collectively form a polynucleotide 
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sequence substantially complementary to a single-stranded 
region of a target polynucleotide analyte A; provided that at 
least one of nucleotide moieties X, through X n comprises a 
moiety 2 where 2 comprises a nucleotide having a catalyst 
attached thereto capable of generation, from a substrate, of 
a transformation radical which, in turn, is capable of trans- 
forming an apoluminescer into a luminescer; and 

Y, through Y n , which are the same or different are 
nucleotide moieties which collectively form a polynucleotide 
sequence substantially complementary to a single-stranded 
region of polynucleotide analyte A different from, but proxi- 
mate to, the region to which X, through X ft is complemen- 
tary; provided that at least one of nucleotide moieties Y, 
through Y„ comprises a moiety 2' where 2' comprises a 
nucleotide having an apoluminescer attached thereto ca- 
pable to being transformed into a luminescer by the trans- 
formation radical generated by the activity of the catalyst of 
(X,-X n ); further provided that {X,— X„) and (Y 4 — Y n ) are 
selected such that upon hybridization with A, the catalyst of 
(X,— X n ) is sufficiently proximate the apoluminescer of ( 
Y,— Y n ) to effect the desired transformation of 
apoluminescer to luminescer upon introduction of the appro- 
priate substrata 



5. A polynucleotide probe composition as claimed in claim 4 
wherein n is an integer from 2 to about 500. 

6. A polynucleotide probe composition as claimed in claim 4 
or claim 5 wherein 2 comprises a nucleotide having a 
catalyst attached thereto capable of releasing an (OH") 
radical from a substrate and T comprises a nucleotide 
having an apoluminescer attached thereto which when reac- 
ted with a {OH - ) radical is converted to a luminescer. 

7. A method for detecting the presence of a target poly- 
nucleotide analyte in a sample which comprises: 



(a) contacting the sample, under hybridization conditions, 
with a first and a second polynucleotide probe, the first 
probe having a catalyst attached thereto and the second 
probe having an apoluminescer attached thereto, both 
probes being substantially complementary to substantially 
mutually exclusive single- stranded regions of the analyte, 
such that upon hybridization of both probes with the analyte! 
the catalyst and the apoluminescer are located close 
enough to each other to permit the catalyst to release from 
a substrate a transformation radical that subsequently trans- 
forms the apoluminescer to a luminescer; 

{b) adding the substrate for the catalyst the substrate being 
capable of conversion to a transformation radical by the 
catalyst and the said radical being capable of converting the 
apoluminescer to a luminescer; 

(c) irradiating the sample with incident light within the ab- 
sorption spectrum of the luminescer and 



(d) measuring the light emitted by the luminescer. 



5 a. A method as claimed in claim 7 wherein the said first 
and second polynucleotide probes are between 2 and about 
500 nucleotides in length. 

9. A method as claimed in claim 8 wherein the said first 
io and second polynucleotide probes are between 5 and 50 

nucleotides in length. 

10. A method as claimed in any one of claims 7 to 9 
wherein the apoluminescer is as defined in claim 2 and the 

15 catalyst is capable of releasing an (OH-) radical from the 
substrate. 

11. A method as claimed in claim 10 wherein the 
apoluminescer is as defined in claim 3. 

20 

12. A method as claimed in claim 10 or claim 11 wherein 
the catalyst is selected from horseradish peroxidase, hema- 
tin. EDTA-Fe III complexes and microperoxidase, and the 
substrate is selected from molecular oxygen, hydrogen per- 

25 oxide, MeOOH, EtOOH, J-butylhydroperoxide, linofeic 
hydroperoxide, cholesterol 5-hydroperoxkfe and cumen 
hydroperoxide. 

13. A kit for detecting the presence of a target pofy- 
30 nucleotide analyte in a sample which comprises: 



(a) a first polynucleotide probe having a catalyst attached 
thereto and which is substantially complementary to a first 

35 single-stranded region of the analyte; and 

(b) a second polynucleotide probe having an apoluminescer 
attached thereto which is substantially complementary to a 
second single-stranded region of the analyte; the second 

40 region being substantially mutually exclusive from the first 
region but close enough thereto such that upon hvbridiza- 
tion of the first and second probes with the analyte, the 
catalyst and the apoluminescer are dose enough to each 
other to permit the catalyst to release from a substrate a 

45 transformation radical that subsequently converts the 
apoluminescer to a luminescer. 



14. A kit as claimed in claim 13 which further comprises a 
substrate for the catalyst the substrate being capable of 
conversion to a transformation radical by the catalyst and 
the said radical being capable of converting the 
apoluminescer to a luminescer. 

15. A kit as claimed in claim 13 or 14 wherein said 
apoluminescer and/or said catalyst is as defined in am/ of 
claims 2, 3, 10 or 11. 
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